Abstract. Precision determinations of the flavour sector allow the search for indirect new physics signatures. At the forefront of these studies are the determinations of interference of new physics with known ∆F = 1 and ∆F = 2 processes. The ATLAS collaboration explores this area with competitive results measuring the CP violating phase φ s from B 0 s → J/ψφ decays and investigating rare B decays with dileptons in the final state with
Introduction
The ATLAS detector [1] is a general purpose detector located at the Large Hadron Collider (LHC). ATLAS has a dedicated B-physics program that concentrates on low momentum di-muon signatures which can efficiently be triggered.This article focuses on the measurement of B 0 s → J/ψφ decay parameters [2] , the measurement of the forward-backward asymmetry (A FB ) and the fraction of the K * 0 longitudinal polarization (F L ) in the decay B 0 d → K * 0 µ + µ − [3] and the search for rare decays studying B 0 s → µ + µ − [4] .
The ATLAS detector
The ATLAS detector is described in detail in reference [1] . The sub-detectors of greatest importance for B physics analyses are the inner detector (ID) and the muon spectrometer (MS). Both systems are surrounded by a large magnetic field to determine the momentum of the charged tracks with high precision. The mass resolution is between σ = 46 − 111 MeV, broadening with increasing rapidity. The ID covers a pseudorapidity (η) range up to |η| = 2.5 and the MS up to |η| = 2.7. The tracking devices consist of high precision silicon detectors, and they are used to reconstruct the production and the decay vertices of Bhadrons. The muon detectors are used to identify and to trigger on muon decays of B-hadrons. During 2011 ATLAS recorded 5.6 fb −1 of data from pp collisions at a center of mass energy √ s = 7 TeV and during 2012 recorded 21.7 fb −1 at √ s = 8 TeV.
Search for new physics
Although Standard Model provide predictions and solutions for many physics aspects [5] , there are persistent a e-mail: Stefanos.Leontsinis@cern.ch problems that require the presence of new physics [6] . The heavy flavour sector is a good probe in the search of new physics. Studying leptonic and semi-leptonic decays of b hadrons is an important part in the B-physics program of the ATLAS experiment. Flavour changing neutral current processes like b → s transitions in the B 0 s → µ + µ − decay and other transitions like b → sl + l − in the B 0 s → K * µ + µ − decay, occurs at the lowest order via loop level diagrams within the Standard Model and have a very small branching fraction. Therefore are sensitive to effects of physics beyond the Standard Model.
The B 0 s → J/ψφ decay allows the measurement of the B 0 s mixing phase of the b → ccs transition, which is responsible for CP violation in this decay mode. The Standard Model prediction for this CP violating phase is small, O(10 −2 ), so any measured excess would be a clear indication of new physics phenomena entering in the B 0 s system.
CP-Violation in
CP violation can occur in the decay B s → J/ψφ via the interference of mixing, where the B 0 s oscillates into ā B 0 s , and the direct decay. This oscillation between the two eigenstates (B H and B L ) is characterized by the mass difference (∆m s ) and the CP-violating phase (φ s ). The light state is expected to have a shorter lifetime compared to the heavier state and the Standard Model predicts ∆Γ s = 0.087 ± 0.0021 s −1 and a very small value for φ s = −0.0368 ± 0.0018 rad.
In the B 0 s → J/ψφ decay, the pseudo-scalar B 0 s decays to two vector mesons (J/ψ and φ ). Due to total angular conservation the final state is an admixture of CP-odd (L = 1) and CP-even (L = 0, 2) states, which can be disentangled with an angular analysis. A triplet of angular For the measurement of the mixing phase φ s of the B 0 s → J/ψφ decay, 4.9 fb −1 of data of pp collisions with √ s = 7 TeV were analyzed. ATLAS has updated its untagged analysis of the B 0 s → J/ψφ decay published in 2012 [9] applying flavour tagging.
The measurement is based on a five-dimensional, unbinned maximum likelihood simultaneous fit to mass, proper-time and angular coordinates (ψ T , θ T , φ T ). The fit model contains 25 free parameters, nine of them being the physics parameters of interest:
Results of this fit can be seen in Figure 2 , through the projections of the distributions of mass, proper decay time and the three transversity angles. Flavour tagging information enters into the fit model in form of a probability that the B candidate is either a B 0 s or aB 0 s . ATLAS uses two opposite-side flavour taggers, both using B ± → J/ψK ± decays in data for calibration and performance studies. The performance of the tagging algorithms is shown in Table 1 .
The first tagger is called the muon cone charge-tagger and uses muons from the semi-leptonic B decay of the nonsignal candidate in the event having originated near the original interaction point. Muons are separated into two reconstruction classes: 1) "Combined muons", when the muon is reconstructed using information form both the ID and the MS and 2) "Segment Tagged", when the muon is formed by segments which are not associated with an MS track, but which are matched to ID tracks extrapolated to the MS. A muon cone charge variable is calculated from tracks found in the inner tracking detectors that are in a cone of ∆R < 0.5 around the momentum axis of the muon.
The second tagging method is the jet charge tagger. In the absence of a muon, the events are searched for a b-tagged jet, with tracks associated to the same primary vertex as the signal decay, excluding those from the signal candidate. The jet is reconstructed using the anti-k t algorithm with a cone size of 0.6.
The muon cone and the jet charge is defined as:
where κ = 1.1, which was tuned to optimize the tagging power.
The measured values of the physics parameters are: [8] . Using the flavour tagging information resulted in a ∼ 40% improvement in the uncertainty of φ s compared to the previous analysis [9] . The likelihood contour plot in the φ s − ∆Γ s plane for the tagged and un-tagged analyses are shown in Figure 2 .
Asymmetry
Within the Standard Model the decay B 0 d → K * 0 µ + µ − → K + π − µ + µ − has a small branching fraction of (1.06 ± 0.1) × 10 −6 [10] . The angular distributions of the fourparticle final state and the decay amplitudes are sensitive to physics beyond the Standard Model, due to the interference of new diagrams with the Standard Model ones.
The decay of B 0 d → K * 0 µ + µ − is described by four kinematic variables. The invariant mass of the di-muon system q 2 and three angles describing the geometrical configuration of the final state as shown in Figure 3 . θ L is LHCP 2013 Figure 2 . Likelihood contours in φ s − ∆Γ s plane. The blue and red contours show the 68% and 95% likelihood contours, respectively (statistical errors only). The green band is the theoretical prediction of mixing-induced CP violation. Top: Previous ATLAS measurement, without using B flavour tagging [9] , Bottom: New result including flavour tagging [2] .
the angle between the µ + and the direction opposite to the B 0 d in the K * 0 rest frame, θ K is the angle between the K + and the direction opposite to the B 0 d in the K * 0 rest frame, and φ is the angle between the plane defined by the two muons and the plane defined by the kaon-pion system in the B 0 d rest frame. In the case of theB 0 d the angles θ L and θ K are defined with respect to the µ − and the K − , respectively. Due to limited statistics to study the four-dimensional differential decay rate, the differential decay rate is projected from the four kinematic variables into the two-dimensional distributions d 2 Γ/dq 2 d cos θ L and d 2 Γ/dq 2 d cos θ K by integrating over the two other variables. The K * 0 longitudinal polarization fraction (F L ) and the lepton forward-backward asymmetry (A FB ) are extracted and averaged in the q 2 bins.
The values for A FB and F L are extracted by performing a sequential unbinned maximum likelihood fit, where in a first step the invariant K ± π ∓ µ + µ − mass distribution is fitted, then the resulting parameters are fixed, and in a second step the angular distributions are fitted. An example of one q 2 bin of the fit can be seen in Figure 5 , by projecting the fit model to q 2 and the two angles (θ L and θ K ).
The parameters A FB and F L are extracted in five q 2 bins from 2 GeV 2 to 19 GeV 2 and in the wider bin 1 GeV 2 < q 2 < 6 GeV 2 . The results of the unbinned maximum likelihood fit including statistical and systematic uncertainties are summarized in Table 2 and are compared to Standard Model expectations and measurements from other experiments in Figure 4 .
Using 4.9 fb −1 of integrated luminosity at √ s = 7 TeV, the forward backward asymmetry A FB and the K * 0 longitudinal polarization F L have been measured as function of the di-muon mass squared q 2 . The results obtained on A FB and F L are mostly consistent with theoretical predictions [11] and measurements performed by other experiments [12] , [13] , [14] , [15] .
Rare Decays
The theoretical prediction for the branching ratio of B 0 s → µ + µ − is (3.56 ± 0.18) × 10 −9 [16] . The first analysis per-EPJ Web of Conferences 
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The reference channel yield N J/ψK ± was determined from a binned likelihood fit to the invariant mass distribution of the µ + µ − K ± system and the acceptance and efficiency ratios are estimated from MC samples. The relative production rates for B ± and B 0 s f s / f u is 0.267 ± 0.021 [17] (assuming f s = f d and no kinematic dependance of f s / f u ). The branching fraction of the reference channel B ± → J/ψK ± → µ + µ − K ± is taken from previous measurements [10] and is equal to (6.01 ± 0.21) × 10 −5 .
The expected limit is calculated to be 2. 
